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ABSTRACT
At a magnitude of Mw 8.4, the June 23, 2001 southern Peru earthquake was the largest earthquake to have occurred anywhere in the
world in the last 36 years and the largest in the region in 133 years. Many researchers have postulated the theory of the effect local site
conditions can have on surface ground motion and resulting building damage intensities. However, due to the relative infrequency of
earthquake occurrences, a limited number of major earthquakes have been evaluated in detail to better quantify the effects of site
conditions using case studies. This paper presents the case history of the June 23, 2001 southern Peru earthquake, focusing on
evaluating the site effects and correlating building damage intensities to site soil conditions, taking into account construction practices.
This paper presents a summary of comprehensive damage intensity survey and damage correlation based on identified soil types for the
City of Tacna, located in southern Peru, 35 kilometers north of the Chilean border. The city has two zones with distinct soil profiles
and it provides a good control of building types due to the relatively uniform construction practices of certain institutional buildings. A
one-dimensional (1-D) seismic site response analysis was performed using the program SHAKE2000. The study shows that the
damage intensity and surface ground motion characteristics as demonstrated in peak ground acceleration, predominant period, and
spectral amplification are strongly affected by the local site conditions.
INTRODUCTION
On June 23, 2001 at 3:33 p.m. (local time), an Mw 8.4 earthquake
struck near the coast of southern Peru. The earthquake caused
extensive damage in the areas around the cities of Arequipa,
Camana, Moquegua, and Tacna (Figure 1). Most of the damage
in Camana was due to a tsunami wave. Observations of damage
in other cities indicated that site effects had played a significant
role in the distribution of damage, particularly in Tacna.

Significant damage occurred in the Alto de la Alianza and
Ciudad Nueva districts that are underlain by the silty and sandy
soils. Similar buildings performed well in the rest of the city
underlain by the gravel deposit and damage in these areas was
generally limited to old adobe construction. No signs of
differential settlement or bearing capacity failures were observed
in either area.
RECORDED GROUND MOTION

The city of Tacna is located at the southern end of Peru, near the
border with Chile, on an arid strip of land bounded to the east by
the steep chain of the Andean Mountains. Elevation ranges
between 560 and 650 meters above sea level (m.a.s.l.). The city
is divided into five districts: Tacna, Pocollay, Gregorio
Albarracin, Alto de la Alianza, and Ciudad Nueva.
In general, the city of Tacna can be divided into two main areas
based on subsurface conditions. The Tacna, Pocollay, and
Gregorio Albarracin districts are underlain at shallow depth by a
dense, coarse gravel deposit locally called conglomerate, while
most of the Alto de la Alianza and Ciudad Nueva districts are
underlain by loose to medium dense sandy and silty soils of
variable thickness.
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The June 23, 2001 Southern Peru earthquake was a shallow interplate subduction event. The main shock occurred as thrustfaulting along the interface between the oceanic Nazca plate and
the overriding South American continental plate. The epicenter
was located about 382 km northwest of Tacna. Approximate
location of the epicenter is shown on Figure 1. It is interpreted
from the locations of the aftershocks with respect to the main
event, that rupture propagated southeastward. There are many
uncertainties associated with the estimate of rupture zones.
However, based on various teleseismic estimates a rupture plane
estimated at approximately 350 km long by 150 km wide was
used for the analyses discussed herein. This rupture plane was
estimated to dip at an angle of about 18o to the northeast with a
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moment magnitude of Mw 8.4 (Harvard 2002, IGP 2002). Figure
1 shows the estimated rupture plane.
One local Peruvian recording station measured ground motions
in the city of Moquegua, approximately 276 km southeast of the
epicenter and 116 km northwest of Tacna (see Figure 1). This
recording station measured a peak ground acceleration (PGA) of
0.30g in the East-West direction, 0.22 g in the North-South
direction and 0.16 g in the vertical direction. The total duration
of the earthquake was recorded to be 120 sec with a strong
ground motion (a > 0.1 g) of 36 sec. The recorded acceleration
time histories are shown in Figure 2. The corresponding
response spectrum for the East-West component is shown in
Figure 3.

Fig. 3. Response Spectrum of Recorded East-West Ground Motions
(CISMID 2001).

OVERVIEW OF DAMAGE DISTRIBUTION AND
CONSTRUCTION PRACTICES

Study Area

Old and new constructions co-exist in the district of Tacna,
which includes the downtown area. Construction in the rest of
the city is mostly modern. Most of the construction in the city
consists of 1 to 2 story high brick-bearing-wall buildings, except
in the downtown area where there are also old adobe houses and
some modern buildings up to 5 to 6 stories high.

Estimated Rupture
Plane
Fig. 1. Location Map of Southern Peru.

N-S
E-W

Significant damage to 1 to 2 story brick-bearing-wall buildings
occurred in Alto de la Alianza and Ciudad Nueva districts
located in the northeastern section of the city known as the
northern cone. Damage to similar buildings was imperceptible to
light in other parts of the city. Various levels of damage to the
older, adobe buildings were also observed in the downtown area.

U-D

Fig. 2. Acceleration Time Histories of 7/23/02 Earthquake Recorded
in Moquegua.
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Existing urban construction can be classified within the following
three basic types: adobe, brick-bearing-wall, and reinforced
concrete frame with brick in-fill. Adobe dwellings are typically 1
or 2 stories high. Dwellings of this kind in Tacna are typically 75
to more than 100 years old. Typical brick-bearing-wall dwelling
construction is typically 1 to 3 stories high. Construction details
make brick dwellings quite rigid. Institutional buildings (such as
schools) and buildings in excess of three stories are usually of the
reinforced concrete frame type.
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SOIL TYPES

LOCAL GEOLOGIC FEATURES

Conglomerate

Tacna
Tb.v

Cs.j

Tf.r
SW

NE

Fig. 4. Geologic Profile Along Tacna Valley (Cotrado and Siña 1994).

Based on formation mechanism, visual observation, and
geotechnical studies reviewed, conglomerate formations along
coastal cities in Peru generally exhibit similar properties.
Conglomerate deposits in Lima have been well studied (Repetto
et al. 1980; Karakouzian et al. 1997; Carrillo-Gil 1979, 1987;
Carrillo-Gil and Garcia 1985) and are inferred to be similar to
that found in Tacna. Typical conglomerate properties in Lima
(located 960 km northwest of Tacna) include an effective friction
angle (at moderate vertical loads) greater than 40 degrees; dry
unit weights of 2.1 to 2.4 gr/cm3; specific gravity of solids of
2.66; and in-situ void ratios between 0.1 and 0.3. Shear wave
velocities measured in Lima by means of down-hole geophysical
surveys (Repetto et al. 1980) range between 500 and 550 m/s at
depths of 1 to 7 m, and between 645 and 800 m/s at depths of up
to 17 m.
The following formulas for granular soils proposed by Seed and
Idriss (1970) were used to estimate the initial shear modulus of
soils.

Gmax = 1,000 K 2 (σ m' )
The city of Tacna is located in the Caplina River valley that runs
from the Andes at the east to the Pacific Ocean at the west.
Figure 4 shows a geologic profile through the city of Tacna
(adapted from Cotrado and Siña 1994), along the Caplina River
valley and is oriented in a southwest- northeast direction.
Alluvial conglomerate outcrops in a portion of the profile and
volcanic tuffs outcrops in the northern part of the profile.
The conglomerate is found at shallow depths in some areas (< 0.5
m) and deeper (0.5 to 3m) in other areas. When the
conglomerate is deeper, it is overlain by finer sandy, silty, and
clayey soils. The rest of the city, consisting of the northern cone
(Alto de la Alianza and Ciudad Nueva) and part of Pocollay
district are on volcanic tuffs and silty sands formed from
weathering of the tuffs or airfall volcanic ash. This part of the
city is outside of the area of influence of the Caplina river, so
conglomerate or other alluvial soils are not found.
Bedrock and Water Table
For seismic engineering purposes, rock is encountered at shallow
depths, ranging from 1.5 meters in the northern cone to 38 meters
in the southern cone (Silva & Berrios 1998, Comision Carta
Geologica Nacional 1963a&b). Rock consists of well cemented
volcanics (Rhyolitic/Andesitic tuffs). However, the alluvial
conglomerate found in the southern cone exhibits rock-like
properties (shear wave velocity > 700 m/s at shallow depths).
Therefore, for purposes of estimating wave propagation and site
amplification, soil deposits are relatively shallow throughout the
city. Water table is at depth ranging from 70 m in the south
cone; 80 m in the downtown area; and 90 m in Pocollay, based
on information from regional water wells.
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(in psf units)

(1)

where σ’m is the mean principal effective stress and K2 is an
empirical coefficient that depends on the relative density and
gradation of the granular soil.
The maximum shear modulus, in turn, is a function of the shear
wave velocity (Vs), as related by the following expression
derived from the Theory of Elasticity:

Gmax =
Where:

γ

g

Vs2

(2)

γ = unit weight
g = gravity constant

Using the above equations and assuming an average density of
2.3 gr/cm3, average values of K2 between 430 and 455
representative of the conglomerate deposit were back-calculated.
It should be noted that these values are higher than typical K2
values from other geologic environments (Seed et al. 1986),
which report K2 values ranging between 90 and 188. This
confirms the high relative density of this deposit and its rock-like
characteristic. For the purpose of wave propagation estimates,
the conglomerate exhibits sufficiently rock-like characteristics
(i.e. strength, density, void ratio, and shear wave velocity) to
assume relatively little amplification through this material and
the outcrop rock motion is considered to act at the top of the
conglomerate layer.
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Table 1. Typical Soil Profiles of Tacna (Cotrado and Siña
1994)

Volcanic Tuff
For the silty sands encountered in Ciudad Nueva and Alto de la
Alianza, relative densities, generally between 30 and 50 percent
have been reported (Cotrado and Siña 1994). Based on Seed and
Idriss (1970) correlation between relative density and K2, values
of K2 between 33 and 42 have been estimated for this material.
Assuming an average unit weight of 1.5 gr/cm3, this indicates
average shear wave velocities between about 160 and 180 m/s at
a depth of 3 m. The volcanic tuff rock underlying the silty sands
of the northeastern sections of Tacna is considered to be soft to
medium hard, with estimated shear wave velocities of 900 –
1,200 m/s based on published values (Hunt 1984).

Soil
Profile

Upper Layer

Type I

< 0.5 m sand, clay, silt

Type II

0.5 – 1.5 m sand, clay, silt

Lower Layer
Dense
Conglomerate
Dense
Conglomerate

Type III

1.5 – 3.0 m sand, clay, silt

Dense
Conglomerate

Type IV

≤ 0.5 m silty sand, clay

Cemented Vol. Tuff

Type V

>0.5 m silty sand, clay

Cemented Vol. Tuff

DISTRIBUTION OF SUBSURFACE CONDITIONS
A seismic microzonation of the city of Tacna was prepared by
Cotrado and Siña (1994). Additional subsurface information for
the Ciudad Nueva and Alto de la Alianza districts was obtained
from Silva and Berrios (1998). Cotrado and Siña (1994)
concluded that, from a geotechnical point of view, subsurface
conditions throughout the city of Tacna can be represented by
five typical soil profiles. These profiles and the generalized soil
characterization are summarized in Table 1. The distribution of
these five typical soil profiles is presented in Figure 5 (Cotrado
and Siña 1994).

Structures
Founded on:
Conglomerate
Conglomerate
Conglomerate
with some
smaller
structures in
overburden
Cemented
Volcanic Tuff
Silty sand
overburden
with some
larger
structures
founded on
cemented tuff

TACNA

GREGORIO ALBARRACIN
Type I

Type II

Type III

Type IV

Type V

Fig. 5. Soil Profile Distribution (adapted from Cotrado and Siña 1994).
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It should be noted that soil profile Types I, II, and III are
similar in that all of them are underlain by the conglomerate
deposit. Most structures in Type I, II, and III soil profiles are
founded on the conglomerate and would therefore experience
outcrop rock motions in a seismic event. Soil profiles IV and
V are similar in that both are underlain by cemented volcanic
tuff. A seismic microzonation of the city has been performed
and details can be found in Cotrado and Siña (1994).

Table 2. Structural Damage Index Used for Mapping of Damage
Patterns
Index, Id
D0
D1

Description
No Observable
Damage
Light Damage

DAMAGE DISTRIBUTION
A preliminary evaluation of damage showed that damage within
the Tacna district was limited mainly to the oldest and weakest
adobe construction, which performs differently than brickbearing-wall or reinforced concrete frame structures. Therefore,
to better isolate site effects from other structural factors that
influence performance of buildings, it was considered necessary
to eliminate adobe construction from the damage evaluation
because adobe construction is easily damaged due to its age,
inherent weakness and damage from previous earthquakes.
Attention was therefore directed to the performance of brickbearing-wall and reinforced concrete framed structures as a
means of identifying damage patterns and their distribution
within the study area.
Damage to brick and concrete structures was minor in the central
and southern sections of Tacna (Tacna, Gregorio Albarracin, and
Pocollay districts), consisting generally of cracks in non-bearing
walls, and moderate to severe in the northern part (Ciudad Nueva
and Alto de la Alianza districts). It is noteworthy that public
schools in Peru are constructed to a similar design and using
similar construction practices, which provides a control for
comparison. Observations of the performance of school buildings
in different locations permit a comparative evaluation of the
ground motions experienced during the earthquake. In order to
follow a uniform procedure to describe and rank the damage
level, a structural damage index scale was developed based on
the system described by Coburn and Spence (1992) and Seed
(1974), which consists of assigning to each building a damage
index between D0 (no observed damage) and D4 (irreparable
damage or complete collapse of floor or entire structure). The
description of these indices, and the field interpretation of them,
is presented in Table 2.

D2

Moderate
Damage

D3

Severe Damage

D4

Irreparable
Damage
(Collapse or
Demolition)

Interpretation
No cracking, broken
glass, etc.
Moderate amounts of
cosmetic hairline cracks,
no observable distress to
load bearing structural
elements, broken glass.
Habitable.
Moderate amounts of
thin cracks or a few thick
cracks. Cracking in load
bearing elements, but no
significant displacements
across the cracks.
Habitable with structural
repairs.
Large amount of thick
cracks. Walls out of
plumb. Cracking in load
bearing elements, with
significant deformations
across the cracks.
Uninhabitable. Major
restoration required.
Walls fallen, roof
distorted, column failure.
Uninhabitable. Total
collapse or demolition
required.

Structural damage was surveyed at 33 building sites throughout
the city. Although this is only a small sampling of the total
number of structures in the city, these structures were considered
to represent (1) most heavily damaged bearing-brick-wall and
reinforced concrete frame structures in the city; (2) damaged and
undamaged public schools; and (3) representative samples of
undamaged buildings. The structural damage indices for the
building sites surveyed are summarized in Table 3. Figure 6
shows the distribution of the structural damage index for each
site.
Table 3. Summary of Structural Damage Index Survey
Index, Id
D0
D1
D2
D3
D4

Paper No. 12.04

Number of Sites
9
14
3
1
6
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typical of Peru. Damage trends identified by the IGP survey
generally agreed with those identified in this survey in that the
damage intensity increased toward the northeast.

The Geophysical Institute of Peru (IGP) conducted intensity
surveys in most major cities impacted by the June 23, 2001
earthquake, including Tacna (IGP 2002). Intensities were
reported using the MSK intensity scale (Medvedev et al 1964)
adapted by Ocola (1979), which considers various building types

D4

D2
D2

D1 D1

D0
D0

D0 D1
D1

D1

D1
D1

D0
D1

D1

D1
D0
D1

D1

D3
D3

D1

D4 D4

D2
D4
D1

D1

D1

D0

D4

D0

Fig. 6. Distribution of Structural Damage Index.
GROUND MOTIONS: WAVE PROPAGATION ANALYSIS
A one-dimensional seismic response analysis was performed
using the computer program SHAKE2000 (Ordoñez 2000).
Rock motions in Tacna were estimated using deconvolution and
attenuation techniques. Most structures in the central and
southern cone area and in portions of the northern cone are
founded on rock-like materials. Ground motions for these
buildings are therefore represented by the rock motion. To
estimate ground motions for northern cone structures founded on
the silty sand, three soil profiles were analyzed that were
considered to represent the probable range of soil depths in the
northern cone. These profiles consisted of 3, 6, and 9 m of silty
sand overlying cemented tuff. A detailed discussion of these
analyses can be found in Williams (2002).
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The acceleration response spectra obtained for Tacna at the
ground surface for 5 percent structural damping, for rock sites
and 3 m, 6 m, and 9 m deep silty sand soil profiles are presented
in Figure 7. In order to evaluate the effect of the soil profile in
the spectral shape and compare spectral shapes, the spectra
discussed above have been normalized by dividing each of them
by its PGA, so that the ordinate for zero period becomes one.
The normalized spectra are shown in Figure 8. For each
normalized spectrum, the maximum ordinate corresponding to
the predominant period represents the maximum spectral
amplification.
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demonstrating that deeper profiles exhibit longer predominant
periods. The rock outcrop motion is an exception to this trend as
discussed further in the next section. Nonetheless, the general
trend indicates that the response of taller, more flexible buildings
will be more influenced by deeper soil profiles, while shorter,
more rigid buildings will be more influenced by shallower and
stiffer soil profiles. For the soil profiles and input motion
analyzed, the predominant periods vary within a relatively
narrow range of 0.11 s for the 3-m soil profile to 0.3 s for the 9m soil profile.

Spectral Acceleration (g)

1.2
9m
6m
3m
Rock Outcrop

1
0.8
0.6
0.4
0.2
0
0.01

0.1

1

10

Period (sec)

Fig. 7. Acceleration Response Spectra for Rock Outcrop, and
3-, 6- and 9-m Soil Profiles.

Spectral Acceleration / PGA

4.5

9m
6m
3m
Rock Outcrop

4
3.5
3

Studies of Peruvian buildings (Delpiano 1977; Ottazi and
Valeriano 1980) have shown that the fundamental period of one
and two story brick-bearing-wall buildings is in the range of 0.05
to 0.15 sec. Therefore, significant amplification would develop
for these buildings when overlying relatively shallow soils. The
predominant period for the ground motion of a 3-m deep soil
profile falls within the range of predominant periods of structures
typical in Tacna, especially typical in the northern cone.
It should be noted that using a single value for natural period of
vibration for a given structure may be misleading. Although a
structure, while undamaged and intact, may exhibit rigid
behavior with a short natural period of vibration, once it is
cracked or damaged it will begin to act more flexible and “move”
along the response spectrum to longer natural periods.

2.5
2

Spectral Shapes

1.5
1
0.5
0
0.01

0.1

1

10

Period (sec)

Fig. 8. Normalized Acceleration Response Spectra for Rock
Outcrop, and 3-, 6- and 9-m Soil Profiles.
Table 4. Summary of Spectral Parameters for 5% Damping
Soil Profile

PGA

Rock Outcrop

0.15g

Max Spectral
Accel
0.49g

3 m Loose to Med.
Dense Silty Sand
6 m Loose to Med.
Dense Silty Sand
9 m Loose to Med.
Dense Silty Sand

0.22g

0.61g

Pred.
Period
0.19,
0.44 &
0.95 s
0.11 s

0.22g

0.87g

0.19 s

0.24g

1.02g

0.3 s

Predominant Period
From Figure 8 and Table 4, it can be seen that the predominant
period moves to the right for the deeper soil profiles,

Paper No. 12.04

Because maximum acceleration, velocity, and displacement
occur at different phases of the motion, various structures will be
influenced differently by each parameter. Maximum velocity and
displacement are often referenced for evaluating the total damage
potential of a strong ground motion for areas with multi-story
buildings that have relatively longer natural periods. However,
the relatively rigid, short-period structures typical of Tacna are
likely to be most influenced by the acceleration. Therefore, the
acceleration response spectrum is used for comparison herein.
It can be seen in Figure 8 that the maximum spectral
amplification increases with increased soil depth.
The
normalized spectra begin to merge at a period of about 1 s, with
the exception of the rock outcrop motion. It is interesting to note
the relative spectral amplification of the rock outcrop motion as
compared to the soil profile response curves. The normalized
rock outcrop response spectrum displays multiple peaks at 0.19,
0.44 and 0.96 sec. This is a reflection of the rather atypical
shape of the response spectra of the recorded ground motion (see
Figure 3) in which a plateau shape is formed at the maximum
spectral acceleration spanning from periods ranging between
0.19 and 0.95 s. These are relatively high predominant periods
for a shallow soil deposit. The process of deconvolution “filters
out” waves that have the same period as the soil profile of the
recording station, in order to back out the effects of
amplification. Therefore, although the first peak of the recorded
history was reduced, the second and third peaks remain.
Therefore, the higher spectral amplification of the rock outcrop
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motion at periods greater than about 0.55 s are, in reality, an
artifact of the normalization procedure, because the PGA for the
rock outcrop motion was reduced in the process of
deconvolution, but the accelerations at these peak values were
not. However, for periods of vibration in the range relevant for
structures of Tacna (0.05 to 0.15 sec), the deconvoluted rockoutcrop spectrum is considered a reasonable representation of the
estimated rock motion.
By review of Figure 7, it can be seen that the 3-m soil profile
experiences higher levels of ground motion for periods between
0.1 and 0.15 s, the 6-m soil profile experiences higher levels of
ground motion for periods between 0.15 and 0.25 s, and the 9-m
soil profile experiences higher levels of ground motion for
periods greater than 0.25 s. However, as discussed previously,
the relevant periods of vibration for structures typical of Tacna
range between 0.05 and 0.15 s. Therefore, these structures are
most influenced by the 3-m deep soil profile, which is prominent
in the northern cone of Tacna.
DAMAGE VERSUS SUBSURFACE CONDITIONS
The concentration of damage in some areas of Tacna suggested
the influence of site amplification in the resulting damage levels.
Local engineers indicated the presence of silty sand deposits in
areas of concentrated damage, while areas underlain by stiffer
gravel deposits of the conglomerate suffered less damage.
Structural damage indices established during this research are
plotted on Figure 6, which also shows the distribution of the soil
profile types. Based on the distribution of damage index, it can
be seen that a general trend of damage exists in that more severe
damage generally occurred in the northern cone area and damage
experienced in the downtown and southern cone area was
generally limited to cracking of non-bearing walls. The
maximum damage index incurred for schools in the downtown
and south cone areas was D1. Damage indices up to D3 were
identified for schools in the northern cone. It should be noted
that schools generally performed better than residential buildings
in that several schools located in the northern cone had damage
indices of D0 and D1 only, consistent with these schools having
deeper foundations than typical houses.
Clearly, the areas of Tacna where the concentrations of structural
damage were identified correspond with the areas where the
dense conglomerate is absent and the volcanic tuff outcrops.
Thus, the higher damage incidence in these areas may well be
attributed to the differences in the response of conglomerate,
compared to the other soils, during the earthquake shaking.
Likewise, the degree of compactness or cementation of the tuff at
the foundation depth plays a similar key role in the site effects. If
the foundation rests on less weathered or cemented tuff, as in the
case of most schools located in the northern cone, the site effects
are reduced. On the other hand, if the foundation rests on loose
airfall ash or weathered tuff, the site effects are very pronounced.
Although rock-like material (relative to wave propagation and
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amplification) exists at shallow depths across the city, the rocklike material differs from the northern to the southern areas of the
city. The southern area (Tacna, Pocollay and Gregorio
Albarracin districts) is underlain at shallow depth by dense,
alluvial conglomerate. The northern cone (Ciudad Nueva and
Alto de la Alianza Districts) is underlain by the volcanic tuff at
shallow depth and the dense alluvial conglomerate is absent from
the soil profile. A lack of data at depth prevents definitive
identification of the thickness distribution of the loose tuff in the
northern cone. In-situ density tests at 3 m depth indicate
relatively loose soil at that depth in some areas of the northern
cone (Silva and Berrios 1998).
Thus, there is good evidence to indicate that the pattern of
damage in Tacna in the earthquake of June 23, 2001, is related to
differences in soil conditions throughout the city and particularly
to the response of the conglomerate. By general observation of
all structures, it was apparent a very limited number of structures
(less than 1 percent), other than adobe-type construction, have
damage that would classify as an index equal to or greater than
D2 in the areas underlain by conglomerate. The proportion of
damaged structures (Id ≥ D2) having a similar type of
construction in the northern areas such as Ciudad Nueva and Alto
de la Alianza, which are underlain by finer soils, was estimated
to be between 60 and 70 percent.
CONCLUSIONS
As demonstrated by previous investigators for other case
histories, the comparison of subsurface conditions and observed
damage pattern throughout the city of Tacna clearly demonstrates
that one and two story structures founded on the most competent
soils (conglomerate or less weathered tuff) suffered less damage
than similar structures founded in loose or medium dense silty
sand. Wave propagation analyses were performed for 3, 6, and 9
m of silty sand, which is considered to be representative of the
probable soil–depth range of the northern cone districts. These
results support the above observation of site effects by
demonstrating that structures founded on the soil experience
higher levels of acceleration than similar structures founded on
rock or rock-like material for short natural periods typical of
Tacna structures. This phenomenon is a result of amplification
as well as the modification of the frequency content (i.e.
predominant period) of ground motions, as they propagate from
the base rock through the soil deposit. It has been shown that
amplitudes of rock outcrop motions are significantly lower than
ground motions at a free soil surface.
The research presented herein has served to demonstrate the
importance of the effects of soil conditions on the amplification
of ground motions and resulting levels of damage. The concept
of site effects on ground motions recognized by earthquake
engineers has been supported by the above analyses,
demonstrating the shallower soil deposits exhibit smaller
maximum accelerations and these maximum accelerations occur
at shorter predominant periods than deeper profiles. This is of
particular interest in Tacna in which the majority of structures
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exhibit short natural periods and, therefore, experience higher
amplification for shallow soil profiles than they would have been
overlying deeper soil profiles.

Delpiano, A. [1977]. “Analisis de la Medidas de Periodos de
Vibracion de Edificios Peruanos” (Analysis of Measurements of
Vibration Periods of Peruvian Buildings). Catholic University of
Peru, School of Engineering, Lima, Peru, February.
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